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Abstract. ASCA observations of 4 high redshift radio- 
loud quasars with 1.44<z<3.21 are presented. The spec- 
tral analysis for three of them (PKS 0332-403, PKS 0537- 
286, PKS 2149-306) reveals that their X-ray continuum 
emission is well represented by a simple power-law model 
plus absorption with photon indices of T = 1.921q'20 
(PKS 0332-403), T = 1.63t^| (PKS 0537-286) and T = 
1.57 ± 0.05 (PKS 2149-306). The fourth and most dis- 
tant object, PKS 1614+051 at z=3.21, was detected, but 
a detailed spectral analysis is impossible due to the small 
H number of photons. We find evidence for excess absorption 
*— ^ above the Galactic 7V#-value in the ASCA data of PKS 
2149-306, which is not confirmed by the ROSAT All-Sky 
Survey PSPC spectrum of this source. This could proba- 
bly be due to variable absorption. The ROSAT spectrum 
of PKS 0537-286, deduced from a 10 ksec pointed PSPC 
observation, is consistent with the ASCA results. Ther- 
mal bremsstrahlung models also give acceptable fits to the 
ASCA data with best fit (rest frame) temperatures of 10.4, 
O 33.5 and 45.8 keV for PKS 0332-403, PKS 0537-286 and 
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PKS 2149-306, respectively. More complicated models for 
the X-ray continuum are not required, in particular, tight 
upper limits on the strength of the Fe-K emission line are 
II given. The broad band spectral energy distributions from 
O the radio to the 7-rays are presented and discussed. 



^ Key words: Galaxies: active 
- Radio sources: general. 



quasars; X-rays: general 



1. Introduction 

The study of X-ray spectra with reasonable signal-to-noise 
ratios for a large number of high redshift quasars has be- 
come feasible with recent X-ray satellites, which combine 
large collecting areas with sufficient angular and spectral 
resolution (ROSAT, Triimper 1984; ASCA, Tanaka et al. 



1994). The Gas Imaging Spectrometer (GIS, Ohashi et 
al. 1991) and the Solid State Imaging Spectrometer (SIS, 
Burke et al. 1991) on board ASCA are particularly well 
suited for this purpose as they provide excellent spectral 
resolution in a broad energy band (0.4-10 keV). By com- 
bining ASCA data with information from ROSAT PSPC 
observations, we are able to study X-ray spectra from 0.4 
keV up to 40 keV in the rest frame of high redshift quasars 
(z~3). 

These unprecedented capabilities allow us to address 
important questions such as the evolution of the quasar 
X-ray spectra with time and/or luminosity (Canizares & 
White 1989, Delia Ceca & Maccacaro 1991, Elvis et al. 
1994a). Current studies of the X-ray luminosity function 
of quasars (e.g. Boyle et al. 1993) indicate that these ob- 
jects are typically 50 to 100 times brighter in X-rays at 
z~3 compared to z=0. Thus, the study of the X-ray spec- 
tra of high-redshift quasars can also contribute to our un- 
derstanding of the X-ray emission processes involved in 
these objects. 

Further, the presence or absence of absorption at soft 
X-ray energies in excess of the Galactic value in high red- 
shift quasars enables us to draw conclusions on the prop- 
erties of the suggested intervening absorbers or the inter- 
galactic medium via an X-ray Gunn-Peterson test (Elvis et 
al. 1994a, Aldcroft et al. 1994). Finally, the spectral signa- 
tures of the presently discussed reflection models for AGN 
(e.g. Lightman & White 1988), in particular the predicted 
6.4 keV Fe-K fluorescence line from cold matter, are red- 
shifted to energies at which ASCA has its highest effective 
area. 

In this paper we present the results of the ASCA 
observations of four high redshift radio-loud quasars, 
namely PKS 0332-403, PKS 0537-286, PKS 1614+051 and 
PKS 2149-306. The data are supplemented by a pointed 
ROSAT PSPC observation of PKS 0537-286, and ROSAT 
All-Sky Survey observations for the other objects. Table 
1 summarizes some basic properties of the objects. 
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Details of the ASCA observations are given in Table 2. All 
objects were observed in 1-CCD faint mode with both SIS 
detectors, except for PKS 0537-286 for which half of the 
observation was performed in 2-CCD mode. All sources 
were at the nominal positions in the SIS and GIS, i.e., ~ 5' 
offset from the detector center in both instruments. Un- 
fortunately, the GIS3 observation of PKS 0537-286, taken 
on March 15, 1994, was affected by an on board software 
related problem, which resulted in a dramatic loss of spec- 
tral resolution. Even after applying the recommended re- 
pair procedures, the spectral analysis gave results which 
differed significantly from all other detectors. We therefore 
decided to exclude these data from our analysis. 



Table 1. Basic source properties 



Object 


z 


m v 


ha Hz 


«i.7 t 


f i 








Jy 






PKS 0332-403 


1.445 


18.5 


2.60 


-0.45 


<1.1 


PKS 0537-286 


3.11 


20.0 


0.99 


-0.52 


<0.7 


PKS 1614+051 


3.21 


19.5 


0.92 


-0.51 




PKS 2149-306 


2.345 


18.4 


1.15 


+0.22 


<0.8 



i EGRET flux > 100 MeV in 10" 7 photons cm" 2 s" 1 from 
Fichtel et al. (1994) 



The standard screening criteria were applied to the 
data. The minimum elevation angle above the Earth's limb 
was chosen to be 5°. To avoid atmospheric contamination, 
data were only accepted in the SIS when the angle between 
the target and the day-night terminator was greater than 
25°. Further, a minimum cut-off rigidity of 8 GeV/c and 7 
GeV/c was applied for the SIS and the GIS, respectively. 

Source counts were extracted from a circular region 
centered on the targets with a radius of 6' for the GIS 
and 4' for the SIS. In view of the difficulties in extracting 
a local background in 1-CCD observations, we decided to 
estimate the background for the SIS from the blank-sky 
event files only. 

The choice of the background can influence the spec- 
tral results for weak sources. Therefore we compared var- 
ious methods of background extraction for the GIS. Of 
course, a local background would be the most reasonable 
choice, because it is obtained with the same selection cri- 
teria as the source. However, as the local background has 
almost inevitably to be taken at off-axis angles different 
from the source, it will always suffer from the energy de- 
pendent change of the effective area for increasing off-axis 
angles. This change in effective area cannot be corrected 



investigated case to case. 

As noted by the ASCA team (GIS News Dec. 14, 1994), 
the GIS blank-sky event files are contaminated by NGC 
6552, a Seyfert 2 galaxy with a very strong Fe-K emission 
line (Fukazawa et al. 1994). Unfortunately, this source is 
in the same detector region as the sources in all our ob- 
servations. Therefore, also the standard method for back- 
ground estimation, consisting of extracting the GIS blank- 
sky background from the same area as that of the source 
had to be investigated carefully. 



Table 2. ASCA observation log 



Object 


Date 
1994 


Tt 

ksec 


SIS0 


Source 
SIS1 


counts 
GIS2 


GIS3 


0332-403 


8/12 


18 


510 


385 


326 


403 


0537-286 


3/15 


29 


1194 


882 


831 


+ 

— + 


1614+051 


8/2 


40 


452 


333 


280 


340 


2149-306 


10/26 


19 


4616 


3831 


4097 


4404 



t Total effective exposure averaged over all 4 detectors. 
+ GIS3 data for PKS 0537-286 were excluded. See text. 



The following backgrounds were chosen for compar- 
ison: a local background in an annulus centered on the 
source with inner radius 9' and outer radius 12', a circular 
local background offset from the source, but at the same 
off-axis angle, the blank-sky background at the source, 
the blank-sky background at the source with NGC 6552 
excluded, and the blank-sky background offset from the 
source, but at the same off-axis angle. In general, all meth- 
ods give results consistent within the errors. For example, 
in the case of PKS 2149-306, the spectral fits with the 
different backgrounds agree within 2%. The differences 
increase with decreasing source intensity, but so do the 
errors on the spectral parameters. 

For PKS 2149-306 we find, however, that the local 
background is higher than the blank-sky background. Al- 
though there is a second source visible at a distance of 
~ 10', the contamination of our data is negligible, as 
the intensity of the second source is only ~ 2% of PKS 
2149-306 and it is also outside the extraction radii for the 
source and the various local backgrounds. A spectral anal- 
ysis for this source is impossible due to the small number 
of source photons. We also failed to optically identify this 
source from available databases. We tried to determine 
the spectrum of the excess local background by fitting it 
with the blank-sky from the same region as background. 
As the excess is only small in absolute photon numbers 
(< 100 photons), the photon statistics is obviously bad, 
but a power-law spectrum with an index of ~ 1.5 gives 
an acceptable fit to the data. The spectrum seems to be 



that the local background is still contaminated by source 
photons. 

As a conclusion from the analysis above, we decided to 
use the blank-sky background at the source position with 
NGC 6552 excluded in the spectral analysis of the GIS 
data. 

All spectra were rebinned to have at least 20 photons 
in each energy channel. This allows the use of the \ 2 tech- 
nique to obtain the best fit values of the source spectra. 

We also looked for variability in the countrates of the 
sources in the ASCA observations, but failed to find any 
significant variations. 

3. Spectral analysis 

PKS 1614+051, the most distant quasar in our sample 
at z = 3.21, turned out to be too weak to allow a spec- 
tral analysis. Therefore, we only report the results of the 
remaining 3 objects here. 

We first fitted simple power-law models, modified by 
neutral absorption with photoelectric absorption coeffi- 
cients from Morrison & McCammon (1983). Fits were per- 
formed for both fixed Galactic absorption and free absorp- 
tion. The results are summarized in Table 3. 

In general the source spectra are well fitted by a sim- 
ple power-law model. In Fig.l we show the data, best fit 
power-law model and the residuals for PKS 0332-403, PKS 
0537-286 and PKS 2149-306. The photon indices turn out 
to be quite flat for PKS 0537-286 (r ~ 1.63±o'i2) and PKS 
2149-306 (r ~ 1.57 ±0.05), while PKS 0332-403 seems to 
have slightly steeper X-ray continuum emission with a best 
fit photon index of ~ 1.921q'20- 

We find evidence for absorption in excess of the Galac- 
tic value in PKS 2149-306, which is also the X-ray bright- 
est source in our sample. The 90% lower limit on the Ay- 
value is 0.40 x 10 21 cm -2 , which is well above the Galactic 
value of 0.245 x 10 21 cm -2 . This result will be discussed 
further in § 4. 

The best fit spectra of PKS 0332-403 and PKS 0537- 
286 are consistent with Galactic absorption only. However, 
we cannot exclude excess absorption in these two quasars 
based on the ASCA observations alone, as their Galac- 
tic Ay-values are well below 10 21 cm -2 and the GIS as 
well as the SIS detectors are not sensitive enough at soft 
energies to measure such low values of absorption accu- 
rately enough in weak sources. In the case of PKS 0537- 
286, where a pointed ROSAT observation is available (see 
§4), no evidence for excess absorption is found. 

Fitting the spectra with a thermal bremsstrahlung 
model also gives acceptable fits to the data. The best 
fit rest frame temperatures are kT = 33.5tJ, 2 6 ° keV and 
kT = 45.8tg g keV for PKS 0537-286 and PKS 2149-306, 
respectively. As already noted in Elvis et al. (1994b) and 
Serlemitsos et al. (1994) this would indicate, assuming 
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Fig. 1. Best fit power-law model and residuals for (a) PKS 
0332-403, (b) PKS 0537-286, (c) PKS 2149-306. All detectors 
were fitted simultaneously. 

that low redshift quasars exhibit the same spectral charac- 
teristics, that these objects could contribute significantly 
to the cosmic X-ray background, which can be described 
by a thermal plasma at a temperature of 40 keV in this 
energy range. Note, however, that the best-fit temperature 
for PKS 0332-403, the quasar with the smallest redshift 
in the sample, is very low with kT = 10. 6 keV. 

We further want to draw attention to the fact that tem- 
peratures of the order of 40 keV are shifted to 10 keV in the 
observers frame for redshifts of ~3, which corresponds to 



Table 3. Results ol the ASCA spectral analysis 





r 


Absorbed power-law 
^ X r 2 ed (dof) 


r 


NH,gal 


X 2 red (dof) 


PKS 0332-403 
SISO+1 
GIS2+3 
GIS+SIS 


9 ,0+0.50 
z - lo -0.36 

2 01+° 57 

1 09+° 30 
± - a ^-0.20 


< 2.62 

O 70 + 5.73 

°- ' °-3.42 

< 1.61 


1.26(64) 
0.94(68) 
1.20(134) 


1 98+° 15 
l-64±S;i| 

i-88±° :iS 


0.145 
0.145 
0.145 


1.27(65) 
1.00(68) 
1.19(135) 


PKS 0537-286 
SISO+1 
GIS2 
GIS+SIS 


1 64+° 18 

i c.7+0.40 
1 -° 1 -0.29 

1 63+° 14 

i - oo -0.12 


< 0.96 

< 4.61 

< 0.66 


1.03(139) 
0.98(62) 
1.19(204) 


1 60+° 07 
1 49+0 .16 

1 64+° 07 


0.224 
0.224 
0.224 


1.02(140) 
0.96(63) 
1.19(205) 


PKS 2149-306 
SISO+1 
GIS2+3 
GIS+SIS 


i cc + 0.07 
1 -' J ' J -0.06 

J-->J^:_0.09 
i c.7+0.05 


n 70+0.23 

u - ' °-0.23 

< 1.25 
0.59±° ;?° 9 


1.01(343) 
1.04(338) 
1.19(684) 


1 44+0 .02 

J-'^-O.OS 

1 50+° 04 
1 48+° 04 

1 -^ :O -0.02 


0.245 
0.245 
0.245 


1.06(344) 
1.04(339) 
1.21(685) 



Thermal Bremsstrahlung 





kT[keV] 


N a 


Xl ed (dof) 


kT[keV] 


N H ,gal Xled ( d of) 


PKS 0332-403 
PKS 0537-286 
PKS 2149-306 


io.4±l:| 

00 c+12.0 

Oil • >.J >J Q 

45.8+^ 


< 0.48 

< 0.18 

< 0.24 


1.23(134) 
1.22(204) 
1.23(684) 


io.ot 2 : 6 

29.7t 7 ;i 
41 4+ 4 2 

^•^-3.6 


0.145 1.23(135) 
0.224 1.25(205) 
0.245 1.24(685) 



a In units of 10 21 cm 2 . 

All errors and upper limits are 90% confidence values for 2 interesting parameters. 



the high energy cutoff of ASCA. Given the observed flat- 
ness of the ASCA spectra, thermal bremsstrahlung fits 
will tend to converge at these temperatures. This makes 
an exact temperature determination rather unreliable. 

More complicated continuum emission models are not 
required. Nevertheless, we determined the upper limits 
for the Fe-K emission line for all sources. The 90% up- 
per limits (for 1 interesting parameter, A\ 2 = 2.706) on 
the equivalent width of a narrow (a = 0) Fe-K emission 
line at 6.4 keV in the rest frame of the sources are 298 eV, 
195 eV, and 19 eV for PKS 0332-403, PKS 0537-286, and 
PKS 2149-306, respectively. 

We also tried to model the ASCA spectrum of the 
strongest source in our sample, PKS 2149-306, with a re- 
flection model in order to investigate if the flatness of the 
rest frame ~1.5-33 keV spectrum of this quasar could pos- 
sibly be caused by the presence of a reflection component. 
However, the reflection model predicts a Fe-K 6.4 keV 
emission line with an EW of ~ 160 eV, much higher than 
the 90% upper limit of 19 eV which we determined above. 
We therefore conclude that a reflection model is inconsis- 
tent with the X-ray spectrum of PKS 2149-306. 



4. Comparison with ROSAT 

All four objects of the sample were detected in the ROSAT 
All-Sky Survey . In addition, PKS 0537-286 was observed 
in a pointed ROSAT PSPC observation on Sept. 28/29 
1992 with a total exposure of ~ 9400 seconds. 

In Table 4 we give the unabsorbed ASCA fluxes and 
luminosities for the objects in our sample and compare 
them to the ROSAT values. The luminosity in the 2-10 
keV rest frame energy band is listed in column 2, whereas 
columns 3 and 4 give the unabsorbed ASCA fluxes in the 
0.8-8 keV and the 0.1-2.4 keV energy range, respectively. 
The ASCA 0.1-2.4 keV flux is calculated by extrapolating 
the best fit model to 0.1 keV. Finally, we list in column 5 
the corresponding ROSAT PSPC fluxes as obtained from 
the ROSAT All-Sky Survey and from the pointed observa- 
tion of PKS 0537-286. All fluxes and luminosities are cal- 
culated assuming the best fit ASCA photon indices and 
Galactic absorption. For PKS 1614+051, we assumed a 
photon index of T = 1.6. 

The errors of the ROSAT All-Sky Survey fluxes are ~ 
25% from photon statistics alone. Thus, within the errors, 



Table 4. X-ray fluxes and luminosities 





T 

^2-WkeV 


f t 

J X 


f 

J X 


f 

J X 




erg s _1 


0.8-8 


0.1-2.4 


PSPC 




1.0 • 1U 


U.oy 


1 -UO 


1 .oo 


JrxVo UOO I — Zou 


9 n . 1 n 47 

Z.U 1U 




1.1U 




PKS 1614+051 


8.2 • 10 46 


0.20 


0.32 


0.49 


DTZC 01/10 onfl 

FKa 2149 — oUD 


0. < • 1U 


A 07 

y.o ( 


0.9 I 


I . IS 


t All fluxes are 


in units of 10 


- 1 9 
1^ er g 


cm -2 s~ 


1 



the ROSAT fluxes and the ASCA fluxes, extrapolated to 
the ROSAT energy band, are in reasonable agreement. 

The ROSAT spectrum of PKS 0537-286 is consistent 
with the ASCA results. The best fit power-law index is 
T = 1.48 ± 0.42 (90% confidence for two interesting pa- 
rameters). There is no evidence for excess absorption in 
the PSPC spectrum of PKS 0537-286. The best fit N H 
value (0.32±g \\ x 10 21 cm 2 ) is not significantly higher 
than the Galactic N H (0.224 x 10 21 cm" 2 ). 

Only ~22 and ~10 photons were accumulated in 
the ROSAT All-Sky Survey for PKS 0332-403 and PKS 
1614+051, respectively. Therefore a detailed spectral anal- 
ysis is impossible. 
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N_H (10°22) 

Fig. 2. Contour plot of photon index V versus fitted iVu-value 
for PKS 2f49-306. The contours correspond to 68%, 90% and 
99% confidence, respectively. Also shown as a vertical line is the 
value of Galactic absorption according to Stark et al. (1992). 
The dashed lines represent a 20% variation of the Nh value. 

Fortunately, PKS 2149-306 yielded a sufficient num- 
ber of photons in the ROSAT All-Sky Survey to allow 
a rough determination of the spectral parameters in the 
0.1-2.4 keV energy band. In total, ~165 photons were ob- 



ple power-law fit plus absorption are T = 2.04l g7 and 

N H = 0.28to .22 X 1021 Cm " 2 (Xred = °- 83 )- Even in vieW 

of the small number of photons in the ROSAT All-Sky 
Survey observation of this source, we are led to conclude 
that there is no evidence for absorption in excess of the 
Galactic value of N H = 0.245 x 10 21 cm" 2 in the PSPC 
spectrum. This is in apparent contradiction to the ASCA 
results. Assuming the best fit ASCA spectral parameters 
(r = 1.57, Nh = 0.59 x 10 21 cm -2 ), gives an unaccept- 
able fit with Xred = 3.37. However, fixing only the photon 
index to the best fit ASCA value, results in an acceptable 
fit ( x 2 red = 0.86) with N H = (0.16 ± 0.06) x 10 21 cm" 2 , 
which is roughly consistent with Galactic absorption. 

In Figure 2 we show the 68%, 90% and 99% confi- 
dence contours of the spectral parameters for ASCA and 
ROSAT. Even the 99% contours do not overlap. Further, 
it can be seen from the shape of the contours that the two 
spectra are complementary in the sense that the ASCA 
data are more sensitive to the spectral index, while the 
ROSAT data are more sensitive to absorption. 

An explanation for these contradictory results could 
be provided by variable absorption. In this case the ab- 
sorption must have changed by at least a factor of two 
(ANu ~ 4 x 10 20 cm -2 ) between the two observations, 
i.e. within ~ 30 months (~ 9 months rest frame). The 
comparably short timescale then indicates that the excess 
absorption is most likely intrinsic. In this case, the change 
in absorption corresponds to ANh ~ 5.5 x 10 21 cm -2 . 

Variable soft emission is probably inappropriate to ex- 
plain the results, because it is difficult to mimic excess 
absorption in the ASCA spectrum by this effect. If there 
were two emission components, a variable soft and a sec- 
ond harder one extending to higher energies, they have 
to be distinct in the sense that there is no contribution 
from the hard component below ~ 0.5 keV (~ 1.7 keV 
rest frame). Though not impossible, this seems rather un- 
likely. 

The ASCA result could also be affected by the reduced 
capability of the detectors to determine accurately low 
values of Nh (< 10 21 cm -2 ), and detector calibration un- 
certainties at low energies might play a role as well. The 
reason why we don't see this instrumental effect in PKS 
0537-286, which exhibits an otherwise similar spectral be- 
haviour, is probably the much lower intensity of this source 
below ~ 1 keV compared to PKS 2149-306. 

5. Summary and discussion 

We presented ASCA observations of four high redshift 
radio-loud quasars with 1.445<z<3.21. Three sources 
(PKS 0332-403, PKS 0537-286, PKS 2149-306) were suf- 
ficiently bright to allow a detailed spectral analysis. The 
fourth and most distant quasar, PKS 1614+051, was de- 
tected as well, but unfortunately the number of source 



ters. 

Within the errors the derived spectral indices are 
compatible with previous ASCA results for high red- 
shift radio-loud quasars. Serlemitsos et al. (1994) report 
r = 1 -63±g g| and T = 1 -70±g f g for the radio-loud quasars 
PKS 2126-158 and PKS 0438-436, respectively. Elvis et al. 
(1994b) give T = 1.63 ± 0.03 as best fit result to the GIS 
spectrum of S5 0014+813. Further, the X-ray spectra of 
high redshift radio-loud quasars remain flat at lower en- 
ergies, as can be inferred, for example, from our ROSAT 
PSPC data of PKS 0537-286 and PKS 2149-306 and from 
Bechtold et al. (1994b), who derive a mean photon in- 
dex of 1.59 ± 0.06 for five radio-loud high redshift quasars 
from the analysis of PSPC hardness ratios. PKS 0332-403 
might exhibit a slightly steeper X-ray continuum than the 
other high redshift quasars. We note however, that PKS 
0332-403 is also the closest object in our sample. Therefore 
it is conceivable that we are seeing the intermediate part 
of the spectrum between the steep low energy continuum 
(e.g. Wilkes & Elvis 1987, Brinkmann et al. 1995) and the 
flat spectrum at higher energies. 

ASCA and ROSAT spectra of high redshift quasars 
can be compared to the 2-20 keV Gmga spectra of low 
redshift quasars, as the intrinsically observed energy range 
is approximately the same in both cases. The 90% confi- 
dence range of the spectral index for radio-loud quasars 
in Williams et al. (1992) is 1.58 < T < 1.86, thus in good 
agreement with the results presented in this paper and 
the ASCA and ROSAT results listed above. This implies 
that the spectra of radio-loud quasars have not changed 
significantly since z~3, although the average luminosities 
in the 2-10 keV energy band for the low redshift quasars 
of Williams et al. (1992) and the high redshift quasars 
dicussed in this paper differ by a factor of ~50. 

In the presently discussed evolutionary scenarios, the 
mass of the central black hole is either believed to in- 
crease with time by accretion (if quasars are a long-lived 
phenomenon) or to decrease if quasars are short-lived and 
if they form in processes as proposed for example by 
Haehnelt & Rees (1993). Thus, the absence of evolution in 
the X-ray spectra of radio-loud quasars at least indicates 
that the shape of the X-ray continuum is not directly re- 
lated to the mass of the central black hole. 

In the ASCA spectra of PKS 0332-403 and PKS 0537- 
286 we find no evidence for absorption in excess of the 
Galactic value. In the case of PKS 2149-306 we report ex- 
cess absorption above the Galactic Nh value with more 
than 99% confidence. However, the low energy ROSAT ob- 
servation of PKS 2149-306 is inconsistent with the amount 
of absorption derived from the ASCA data for this source. 
These apparently contradictory findings can either be ex- 
plained by variable absorption, most likely intrinsic to the 
source (ANu ~ 5 x 10 21 cm -2 within 9 months in the rest- 
frame of the quasar) , or by a variable soft X-ray compo- 
nent. The latter possibility seems unlikely, however, since 



hard component below 0.5 keV in order to mimic excess 
absorption in the ASCA spectrum. Further, currently ex- 
isting calibration uncertainties of the ASCA detectors at 
low energies might play a role as well. 

Elvis et al. (1994a) find excess absorption in the 
ROSAT PSPC spectra of 2 (out of 3) radio-loud quasars 
(PKS 0438-436 and PKS 2126-158) and claim absorp- 
tion to be a common feature in high redshift radio-loud 
quasars. In a comparative study of the PSPC spectra of 
radio-loud and radio-quiet high redshift quasars, Bech- 
told et al. (1994b) claim to find additional absorption in 
3 (out of 5) sources, including the two objects of Elvis 
et al. (1994a). Together with the four sources discussed 
in this paper, the X-ray data of roughly a dozen of high 
z radio-loud quasars have been published. The three ob- 
jects of Elvis et al. (1994a) and Bechtold et al. (1994b) 
are up to now the only sources where excess absorption 
has been unambigiously detected. This indicates that ex- 
cess absorption is probably not common in high redshift 
radio-loud quasars. 

In Figure 3 we present the spectral energy distribu- 
tions (SED) of the four quasars in their respective rest 
frames and compare them to the average SED of radio- 
loud quasars determined by Elvis at el. (1994c). The av- 
erage SED has been normalized to the ROSAT X-ray flux 
at 1 keV. The optical magnitude has been corrected for 
Galactic reddening using the Nh values and assuming 
standard gas-to-dust ratios. 

As already noted by Bechtold et al. (1994a), the aver- 
age SED for radio-loud quasars from Elvis et al. (1994c) 
tends to underestimate the radio fluxes. This is due to 
the fact that the Elvis et al. (1994c) sample consisted of 
quasars bright enough in X-rays to do meaningful spectral 
fits with the Einstein IPC data. The effect may not be very 
strong in our sample, however, as the selected objects are 
also X-ray bright. 

Keeping this in mind, PKS 2149-306 and PKS 0537- 
286 still exhibit unusual spectral energy distributions in 
the sense that their X-ray and radio fluxes are in rea- 
sonable agreement with the medium SED, whereas the 
optical fluxes are almost one order of magnitude lower. 
The error bars on the fluxes are comparably small and 
cannot explain the deviations. As the data points are not 
taken simultaneously, variability might play a role, but 
most likely cannot account for the whole effect either. Al- 
ternatively, the X-ray and radio fluxes could be unusually 
high compared to the optical flux, for example caused by 
beamed radio emission and hence increased X-ray flux via 
inverse-Compton emission. 

Finally, we note the high radio flux of PKS 0332-403 
relative to the X-ray emission. The alternative explanan- 
tion, that the X-ray flux could be in low state compared to 
the radio band seems unlikely, since also the optical flux 
fits well to the average SED. In view of the fact that PKS 
0332-403 is known to be highly polarized in the optical 
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Fig. 3. Spectral energy distributions (SED). The objects are ordered according to the 2-10 keV luminosity with the brightest 
source at the top. For clarity, the fluxes are shifted upwards by two, four and six orders of magnitude, respectively. The SED's 
are compared to the average SED for radio-loud quasars (Elvis et al. (1994c) normalized to the ROSAT X-ray flux. The error 
bars on the optical data points correspond to Am = ±0.5mag. 



(Impey & Tapia 1990), an interpretation in terms of en- 
hanced radio emission due to relativistic beaming in the 
radio jet seems plausible. However, current models for the 
X-ray emission of quasars (e.g. Wilkes & Elvis 1987) asso- 
ciate a flat X-ray component with the radio emission (i.e., 
synchrotron self-Compton) in order to explain the flat- 
ter X-ray spectra in radio-loud quasars compared to radio 
quiet QSO. Thus an increased radio flux should lead to 
a flattening of the spectrum, contrary to the steep X-ray 
spectrum observed in PKS 0332-403. 
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